Objective: The acoustic stapedial reflex (ASR) test has been shown to provide useful information about the function of the auditory system. However, the reliability of this test when applied to healthy neonates has not been systematically studied. This study aimed to evaluate the test-retest reliability of the ASR test in newborn babies shortly after birth.
INTRODUCTION
An acoustic stapedial reflex (ASR) is a contraction of the stapedius muscle in response to an intense acoustic signal, resulting in a change of acoustic admittance, which can be detected using a probe placed in the ear canal (Wiley & Fowler 1997) . In the ASR test, the lowest stimulus intensity that produces a detectable change in acoustic admittance, known as the ASR threshold (ASRT), is measured (Jerger 1970; Peterson & Liden 1972) . The diagnostic application of the ASR in adult populations has been well documented in the literature. Applications of ASR for adults include estimation of hearing levels (Hall 1978; Jerger et al. 1974a; Niemeyer & Sesterhenn 1974) , site-of-lesion testing to diagnose conductive, cochlear, and retrocochlear pathologies (Ferguson et al. 1996; Handler & Margolis 1977; Jerger et al. 1974b ), evaluation of facial nerve dysfunction (Alford et al. 1973; Citron & Adour 1978) , and confirmation of functional or nonorganic hearing loss (Gelfand 1994) . Despite its clinical significance, the ASR test has, to date, not been widely applied to young infants (0 to 6 mo).
Findings from a few pilot studies have indicated that the ASR test may be a useful tool in the hearing screening of young infants (Hirsch et al. 1992; Plinkert et al. 1990 ). For instance, Hirsch et al. (1992) used the ASR test in conjunction with auditory brainstem response (ABR) testing for screening 76 babies from a neonatal intensive care unit. In this particular study, 12 ears with elevated or absent reflexes also showed delayed ABR wave latencies, which are consistent with a mild conductive hearing loss. Hence, they concluded that the combined information obtained from ASR and ABR might be valuable in the early detection of middle ear dysfunction in this population. In another study by Plinkert et al. (1990) , the authors used the ABR, ASR, and transient-evoked otoacoustic emissions (TEOAEs) to screen 53 infants who were at risk for hearing impairment. They reported that the ASR test correctly predicted normal hearing in 78% of ears that had ABR thresholds Ͻ30 dB nHL, compared with 91% for TEOAEs. They proposed that the ASR-TEOAEs combination could be an efficient screening protocol with a test time of Ͻ3 min per ear. Furthermore, the addition of ASR in the ABR-TEOAEs approach may improve the sensitivity of detecting subtle middle ear disorders that could not be detected even by TEOAE testing alone. Recently, Berlin et al. (2005) advocated the use of the ASR test in conjunction with TEOAEs to identify babies with auditory neuropathy/dys-synchrony. However, the feasibility and reliability of eliciting ASRs have yet to be established in a large sample of young infants, and this is necessary before it can be used as a mass clinical tool in hearing screening programs and pediatric clinics (Sutton 2007) .
The main barrier to the successful application of the ASR test to young infants was the inability to obtain ASRs in all healthy infants. Many studies typically reported absent ASRs or raised ASRTs in normal infants (Bennett 1975; Himelfarb et al. 1978; Keith & Bench 1978; Keith 1973; McCandless & Allred 1978; Stream et al. 1978) . The reasons put forward to explain these unexpected results include the presence of mesenchyme, the effect of deep sleep on the stapedial muscle, and immature neurological development. However, Weatherby and Bennett (1980) found that these abnormal ASR findings could be due to the use of an inappropriate probe tone. In their experiment, they found that ASRs could be elicited in all 44 healthy neonates when the frequency of the probe tone was equal to or greater than 800 Hz. More recent studies have confirmed Weatherby and Bennett's findings, showing that ASRs can be consistently elicited from young infants when a probe tone frequency of 1000 Hz is used (Mazlan et al. 2007; Rhodes et al. 1999; Swanepoel et al. 2007 ). For example, Rhodes et al. (1999) demonstrated that ASRs could be elicited from 87% of 173 babies in the neonatal intensive care unit, when a 1000 Hz probe tone and an activating stimulus of 2000 Hz were used. Swanepoel et al. (2007) successfully recorded ASRs from 94% of 143 healthy young infants aged 1 to 28 days using a 1000 Hz probe tone and 1000 Hz activator. In a more recent study using a 1000 Hz probe tone, Mazlan et al. (2007) demonstrated that ASRs could be recorded from all 42 healthy full term babies (mean age ϭ 2 days) when stimulated ipsilaterally by either a 2000 Hz pure tone or broadband noise (BBN) stimulus.
Given the above promising findings, the ASR test has the potential to be used as an adjunct screening tool in newborn hearing screening programs or included in a battery of tests for diagnosing auditory dysfunction in young infants. However, for a test to be widely accepted as a clinical tool, the results should be repeatable or vary slightly within limits of measuremental error. To date, there are no published studies investigating the test-retest reliability of the ASR test for healthy neonates. The present study aimed to examine the test-retest reliability of the ASR test in a sample of healthy newborn babies.
MATERIALS AND METHODS

Participants
Initially, 219 neonates (95 boys), born in the maternity ward of The Ipswich General Hospital in Queensland, Australia, were recruited for the study. However, only 197 neonates (88 boys and 109 girls) completed all tests in both the test and retest conditions and passed the TEOAE test. These babies were born full term with a mean gestational age of 39.3 wk (range ϭ 36 to 42 wk). Their chronological age ranged from 24 to 192 hr (mean ϭ 54.4 hr, SD ϭ 28.4). Their mean birth weight was 3.46 kg (SD ϭ 0.5 kg). The inclusion criteria were normal birth history within the first 24 hr, no congenital defects, a normal maternal history and pregnancy, and no historical or hereditary risk factors. Risk factors resulting in exclusion from the study were those outlined by the Joint Committee on Infant Hearing (JCIH 2007). All neonates included in the study had previously passed an automated auditory brain stem response (AABR) test conducted by nurses of the universal Healthy Hearing Program in Queensland, Australia.
Procedure
An experienced clinical audiologist, assisted by two Master of Audiology students who had received extensive training in TEOAE and immittance measures, performed all testing. Ethical approval from the hospital and parental permissions were obtained before testing commenced. All tests were conducted in a closed non-sound treated room at the hospital. A CSL-254 sound level meter was used to monitor the ambient noise levels in this room. The ambient noise level ranged from 34 to 50 dB A (mean ϭ 36.4 dB A, SD ϭ 1.1 dB). Testing was paused at any time if the noise levels exceeded 50 dB A, a level at which TEOAEs may be obscured by noise (Rhoades et al. 1998 ). Most babies were tested individually in their cribs during natural sleep or calm wakefulness state to reduce physiological noise (Norton et al. 2000) . However, if the baby became restless, the test was aborted and then resumed when the baby was quiet. One randomly selected ear from each baby was tested.
Before testing began, a visual inspection of the ear canal was conducted to check for any abnormalities and estimate the appropriate size for probe tips. TEOAE testing was conducted before high-frequency (1000 Hz) tympanometry (HFT) and ASR measures. The Quickscreen program of the ILO292 Otodynamics Analyser (OAE system software ILO Version 5.6, Release Y) was used for all TEOAE testing because of its reported time efficiency and resilience to background noise in nonideal acoustic environments (Vohr et al. 1993) . Wide band, Gaussian-shaped clicks (rectangular shaped electrical pulses in the time domain) of 80 sec in the nonlinear mode were presented to the test ear. Briefly, each set of stimuli consisted of two groups of four clicks with three rectangular clicks in one phase at a certain amplitude and the fourth one presented in the opposite phase and three times the amplitude of each of the preceding three clicks (Robinette & Glattke 2007) . This mode of presentation results in an average response that minimizes stimulus artifacts and linear portions of the ear's response to the transients (Kemp et al. 1986 ). During the test, valid responses from 260 sets of stimuli were sampled for analysis to produce TEOAE results in terms of signal to noise ratios (SNRs) at various test frequencies. The mean stimulus level was 86.7 dB pkSPL (SD ϭ 1.7 dB). The pass criterion for the TEOAE test used in the present study was the presence of adequate SNR in four of five half-octave bands centered at 1, 1.5, 2, 3, and 4 kHz, with a criterion of 3 dB across the frequency bands as per the Mazlan et al. (2007) study.
Immediately after the TEOAE test, HFT and ipsilateral ASR measures were performed using a Madsen Otoflex 100 (Type 1012) and Otodiagnostic Suite immittance meter from GN Otometrics. At the start of each testing session, calibration of the equipment using a built-in 2 mL cavity was undertaken according to the manufacturer's instructions. Once a seal was obtained, a probe tone of 1000 Hz was delivered at 75 dB SPL to the neonate's ear. Ear-canal pressure was varied from ϩ200 to Ϫ400 daPa at a pump speed of 400 daPa/sec as recommended by Margolis et al. (2003) . An admittance tympanogram, which plots uncompensated admittance (in mmho) against ear-canal pressure (in daPa), was obtained from the test ear.
Once the 1000 Hz tympanogram had been obtained, the probe seal was maintained and ipsilateral ASR responses were recorded at the tympanometric peak pressure for two different stimuli, a 2-kHz tone and BBN, presented separately in the presence of a 1000 Hz probe tone. The Otoflex device measures the intensity level of these two stimuli in dB HL. A correction factor of ϩ6.5 and 0 dB for the 2 kHz tone and BBN, respectively, should be applied when reporting the ASRT in dB SPL (GN Otometrics 2005) .
The Madsen Otoflex 100 uses a time multiplexing circuit to avoid ipsilateral activator artifacts by presenting a pulsed sound (activator) to the stimulus ear while a 1000 Hz probe tone is turned on at all times during testing. Admittance measures are taken while the activator is off between pulses (Silman & Silverman 2002) .
The 2 kHz stimulus was used in the present study as it provides a reliable response when a high-frequency probe tone (e.g., 1000 Hz) is used (McMillan et al. 1985) . Furthermore, this frequency of the activator tone was different from that of the probe tone to minimize the acoustic interaction effects that might affect the ASR results (Popelka 1981) . The BBN was used because it can elicit ASR at a lower stimulus level than those elicited by pure tones (Niemeyer & Sesterhenn 1974) . This property enables the BBN to be used for screening purposes in newborn hearing screening programs, although it carries no frequency-specific information.
A combined descending-ascending measurement technique was used to determine the ASRT for each stimulus. Initially, a 2 kHz tone was presented for 1 sec at an intensity level of 70 dB HL using an auto threshold search mode of the equipment. In this mode, the Otoflex device registered an ASR response when the change in admittance, in either the upward (increase) or downward (decrease) direction, exceeded 0.04 mmho (GN Otometrics, 2005) . If an ASR response was detected at 70 dB HL, the intensity level was decreased in 5 dB steps until the ASR was absent (change in admittance Ͻ0.04 mmho). The device would then increase the intensity level by 5 dB to obtain an ASR response. This stimulus level was then registered by the device as the ASRT. In cases where an ASR response was not detected on initial stimulus presentation at 70 dB HL, the intensity level was increased in 5 dB steps until an ASR was detected or when the maximum output for the 2 kHz tone (i.e., 105 dB HL) was reached. In this ascending procedure, when an ASR was first detected (change in admittance Ͼ0.04 mmho), the device would increase the stimulus intensity level by another 5 dB to check for a greater change in admittance and so confirm the previous stimulus level as the ASRT. However, if no ASR was detected at 105 dB HL, ASR was considered absent. Using the same combined descendingascending procedure, the ASRT for the BBN was obtained. Although the initial presentation level for BBN was similar to the level used for 2 kHz stimulus (i.e., 70 dB HL), the maximum output for the BBN was 100 dB HL. Hence, ASR for the BBN was considered absent when ASR was not detectable at 100 dB HL.
At the end of the test, the probe was removed and reinserted to obtain a good seal. Then the procedures for the HFT and ASRTs measures were repeated to obtain the results for the retest session. For the purpose of this research, only the TEOAE and ASR results were analyzed in detail.
RESULTS
A total of 219 ears were assessed initially. The results from the first test showed that 91.3% (200/219) of the sample had single-peaked tympanograms and ipsilateral ASRs, whereas 8.7% (19/219) exhibited flat tympanograms (no identifiable peak) and absent reflexes at both test-retest sessions with a "refer" outcome in the TEOAE test. Of the 200 ears, three ears were excluded from further analysis because of incomplete results for the second test (retest) as a result of restlessness of these babies. The remaining 197 ears (121 left and 76 right) with valid TEOAE, HFT, and ASR results at both test and retest sessions were eligible for further statistical analysis. Table 1 shows the TEOAE data at various frequencies for these 197 babies. As shown in the table, the mean SNR ranged from 7.6 to 21.2 dB with the smallest SNR and the largest standard deviations at 1 kHz. This finding at 1 kHz was probably due to a higher physiologic and ambient noise level commonly observed in neonates.
As mentioned in the Materials and Methods section, the Otoflex device (automatic search mode) registered an ASR response when the change in admittance, in either direction, exceeded 0.04 mmho and the change increased with stimulus intensity. The ASR test results revealed that 96.0% (189/197) of ears exhibited decreasing admittance change, whereas 4.0% (8/197) showed increasing admittance change.
Because the lowest permissible stimulus intensity level of the Otoflex device was 50 dB HL, the ASR obtained at this intensity might be at either threshold or suprathreshold level. In view of this uncertainty, ears with presumed ASRT of 50 dB HL at both test and retest sessions were excluded from further analysis. As a result, only 194 (86/108 males/females; 115/79 left/right) and 123 (62/61 males/females; 77/46 left/right) ears were included in the test-retest reliability analysis for the 2 kHz tone and BBN stimuli, respectively. Table 2 shows the descriptive statistics of the ASRTs measured using the 2 kHz pure tone and BBN stimuli for these neonates. As shown in Table 2 , the mean ASRT for the 2 kHz pure tone was about 12 dB higher A factorial model that included two between-subject factors ͓ear (left/right) and gender (male/female)͔ and one within-subject factor (test/retest) was applied to the data with 2 kHz ASRTs as the dependent variable. The significance of any term was assessed using the analysis of variance at a 0.05 significance level. The results revealed no main effects for ear, gender, and test/retest and no significant interactions among these factors (p Ͼ 0.05).
The above analysis of variance with repeated measure analysis was repeated for the BBN ASRT data. The results showed no significant main effects or their interactions, except for a significant gender ϫ ear interaction ͓F(1,119) ϭ 4.06, p ϭ 0.046͔ with an observed power of 0.52. This interaction indicates that the mean ASRT for the right ear was greater than that for the left ear for males (right/left: 66.2/62.5 dB HL), whereas the reverse is true for females (right/left: 64.0/65.9 dB HL).
To investigate if there is a relationship between the 2 kHz ASRT and the chronological age (in hours) of the neonates, a Pearson Correlation test was applied to the data. The results showed no significant correlation between the two variables (p Ͼ 0.05). This statistical procedure was repeated for the BBN ASRTs, and no significant correlation (p Ͼ 0.05) with age was found.
The test-retest reliability of the ASR test was also evaluated by calculating the single-measure intracorrelation coefficients (ICCs) of the ASRTs across the test-retest conditions as follows: ICC ϭ between-participant variance/total variance ϫ 100%. The ICC statistic compares the variability among different ratings of the same participants compared with the total variability among all ratings. In the present study, the ICC values for the 2 kHz pure tone and BBN were 0.83 (95% confidence interval: 0.78 to 0.87) and 0.76 (95% confidence interval: 0.68 to 0.83), respectively.
Although there were no significant differences in ASRTs across the test-retest conditions at the group level, there were differences at the individual level. Table 3 shows the percentage and numbers of ears at each ASRT test-retest difference for the BBN and 2 kHz pure tone stimuli. From this table, 86.2% (106/123) and 93.4% (181/194) of babies had ASRT test-retest differences that were within 5 dB for the BBN and 2-kHz pure-tone stimuli, respectively.
DISCUSSION
The test-retest reliability of a clinical test is an essential attribute, without which the test becomes futile. The main aim of the present study was to examine this attribute of the ASR test applicable to a group of healthy neonates who passed an AABR and a TEOAE test. The results of the present study showed no significant difference in mean ASRTs between the test and retest conditions regardless of the type of stimulus used. At the individual level, 86.2 and 93.4% of neonates had ASRTs that were within 5 dB and 16.7% that were within 10 dB for the BBN and 2-kHz pure-tone stimuli, respectively. This finding suggests that the ASRT is repeatable across test and retest conditions. Further evidence of good test-retest reliability is provided by the ICC values of 0.83 and 0.76 for the 2 kHz tone and BBN, respectively. According to Hopkins (2000) , ICC values of greater than 0.70 indicate good correlation between test and retest findings. Interestingly, the above findings seem to show that using the 2 kHz tone as stimulus in the ASR test would result in higher test-retest reliability than when the BBN stimulus was used. However, this observation should be interpreted with caution in view of the small sample size and limited range of ASRT values when the BBN stimulus was used (Table 2) .
The high test-retest reliability of the ASR test obtained in the present study is found to replicate studies conducted in adults. In a study conducted on eight normal-hearing adults and eight adults with confirmed sensorineural hearing loss in eight separate sessions spaced 1 to 3 days apart, Forquer (1979) did not find any significant difference in ASRT results across the multiple measurements. A later study by Chermak et al. (1983) showed that the initial ASRTs measured at 0.5, 1, 2, and 4 kHz in 40 normal ears of college age subjects did not differ significantly from those obtained 3 or 15 min later.
In the present study, the ASRTs were measured when the admittance showed a decrease or increase in excess of 0.04 mmho. When testing adults at conventional probe tone frequency of 226 Hz, contraction of the stapedial muscle is consistent with an increase in the impedance of the middle ear system that reflects as a decrease in the admittance in most commercially available immittance systems. Hence, a decrease in admittance, which is seen as an increase in stiffness of the ossicular chain, has generally been accepted as an ASR response. However, whether an increase in admittance in response to an intense stimulus is considered a genuine ASR response is open to debate. The increase in admittance is caused partly by a functional decoupling of the stapes from the cochlea (Borg 1968; Moller 1961) , thus limiting sound energy being transmitted into the cochlea. Bennett and Weatherby (1979) , in a study investigating the effect of multiple probe frequency (220 to 2000 Hz) on ASR in normal-hearing adults, found that the direction of change of impedance is dependent on the probe tone frequency. They found that the ASR increases the middle ear impedance up to 700 Hz and decreases it thereafter.
Weatherby and Bennett (1980) and Bennett and Weatherby (1982) have shown that the reflex pattern (direction of change of impedance) could shift in adults and newborns as a function of the probe tone frequency. Weatherby and Bennett showed that the probe tone frequency at which the reflex pattern shifts is considerably higher in newborns (1200 Hz) compared with adults (665 Hz). The shift occurs because of reductions of both resistance and reactance at higher probe tone frequency (closer to the resonant frequency of the middle ear), which will result in a decrease in the impedance (increase in the admittance) and be observed as a deflection or upward movement in reflex tracing. Although the shift in reflex pattern is expected as a function of probe tone frequency, we did not observe any reflex pattern shifts at a single probe tone frequency such as 1 kHz. The increase in admittance in 4% of the ears in the present study was consistently found using both 2 kHz pure tone and BBN stimuli regardless of stimulus intensity. To sum up, the present study does not provide conclusive data to justify registration of ASR response in newborns when the change in admittance occurs in either the upward (increase) or downward (decrease) direction in view of the small sample size. Nevertheless, we cannot regard the upward (increase) reflex pattern as artifacts because the ASR characteristics (latency and magnitude of admittance change with stimulus intensity) are the same for both direction changes because artifacts have instant rise and fall times with almost no latency. The present study demonstrated that the mean ASRT for the 2 kHz tone was 11.3 dB greater than that for the BBN stimulus (76.2 versus 64.9 dB HL). This result compares well with the finding of Mazlan et al. (2007) , who obtained a difference of 13.7 dB HL using the same stimuli on a different cohort of neonates. However, the difference in mean values between the 2 kHz tone and BBN found in the present study was smaller than the value obtained by Bennet and Weatherby (1982) , who found a difference of 26 dB SPL (2 kHz/BBN: 99.5/73.2 dB SPL) between stimuli in 28 neonates aged between 4 and 8 days. This noise-tone difference suggests that ASRT is highly dependent on stimulus bandwidth. Studies have shown that reflex thresholds decrease as bandwidth increases from a tonal stimulus to a BBN stimulus (Flottorp et al. 1971; Gelfand 1984; Popelka et al. 1976 ). Given the above result, the use of BBN as a stimulus has a distinct advantage in that an ASR can be elicited at a much lower level than when the 2 kHz tone is used. This lower stimulation level poses less risk of overstimulation when conducting the ASR test for newborn babies in hearing screening programs. However, when frequency-specific information is required, the 2 kHz tone should be used instead.
When applying the 2 kHz stimulus tone to young infants, special attention should be paid to the maximum permissible levels. The highest level used in the present study was 105 dB HL (i.e., 111.5 dB SPL) as measured in a 2 mL cavity. Given the small ear-canal volume of neonates, it is possible that they would experience an intense sound at a higher level than the tympanometer would indicate. The exact intensity level, which could be determined using real ear measurements, was not measured in the present study. However, Feigin et al. (1989) found a mean real-ear-coupler difference of 9 dB for a 2 kHz tone for seven infants aged 1 to 12 mo. Furthermore, Feigin et al. found that the ear-canal volume of 31 children aged between 4 wk and 5 yr was negatively correlated with real-ear-coupler differences, but the correlation did not reach significance.
The mean ASRT values for the two types of stimuli reported in the present study were higher than those reported by Mazlan et al. (2007) . This may be attributed to the exclusion of ears with ASRTs of 50 dB HL for the test and retest conditions. Given that 50 dB HL was the lowest stimulus limit attainable from the equipment, ASR values obtainable at 50 dB might represent either threshold or suprathreshold levels. The exclusion of 3 and 74 ears for the 2 kHz and BBN, respectively, would have raised the mean ASRTs to a certain extent. Therefore, the mean ASRTs reported in the present study do not represent the actual mean values for the population.
A secondary but important outcome of the present study was an estimation of the prevalence of ASR in a cohort of neonates who passed an AABR test. Ninety-one percent of 219 neonates were found to have ASRs. This finding is in good agreement with the results of Swanepoel et al. (2007) who found a prevalence of ASR of 94% in a cohort of 143 neonates. The present study found 8.7% (19/219) of ears with no ASR response when stimulated by either the 2 kHz or BBN. These 19 ears were associated with weak or no TEOAEs and a flat tympanogram in the HFT test. This illustrates the clinical significance of the ASR test for this population. At the screening level, the use of the AABR-ASR approach can identify subtle middle ear pathology not detectable by AABR alone (Hirsch et al. 1992; Plinkert et al. 1990 ). Neonates with cochlear hearing impairment of up to 50 to 60 dB HL are likely to fail the AABR test while the ASRT may be at normal or slightly raised level (Gelfand et al. 1983; Popelka 1981; Silman et al. 1982) . Neonates with retrocochlear lesions such as auditory neuropathy/dys-synchrony would likely fail both the AABR and ASR tests (Berlin et al. 2003) . Although both ABR and ASR can evaluate auditory function up to the brain stem region, ASR testing has the additional advantage of being a quicker and hence less expensive test than the ABR.
The present study also investigated the effects of gender and ear on ASRT. The results revealed no significant gender or ear effects for the 2 kHz stimulus. However, there was a significant gender ϫ ear interaction when the BBN stimulus was used. This finding is in contrast to the results of Sprague et al. (1985) and McMillan et al. (1985) , who used low probe-tone frequencies (220 and 660 Hz) in their studies to measure ASR in young infants. No significance gender or ear effect was found for any of the measured ASRTs from these two studies.
In the present study, a correlation analysis was applied to check if ASRT would change with chronological age of the neonates. The results showed no significant correlation, indicating that ASRT remained practically unchanged with increasing age between 24 and 192 hr. It is possible that a significant correlation may exist for neonates beyond 192 hr of age because the neonate's auditory system undergoes a rapid period of development. Using a longitudinal design, Mazlan et al. (2007) were able to demonstrate an increase in mean ASRT of 6 dB during a 6 wk period from birth.
Although ASRs can be reliably obtained from healthy neonates with normal AABR, TEOAE, and HFT findings, a number of factors could have adversely influenced the accuracy of ASR measurement for this cohort. First, it was not always possible to get and maintain a perfect probe seal for the entire testing period for some neonates. This is because the neonate's external ear was too tiny and soft to keep the probe in place. Sometimes, the probe had to be hand-held, and this action might have produced some unwanted artifacts that could have contaminated the ASRT results. Movement of the neo-nates during the test may also affect the probe seal. This factor has been tightly controlled in the present study by testing them in a quiescent or sleeping state.
Second, the accuracy of ASRT measurements was affected by the inability of the Otoflex device to present stimuli below 50 dB HL. The present study found a strong reflex response in some neonates at this level. Hence, the ASRT recorded might be at suprathreshold level. This resulted in a floor effect in the ASRT measurements, especially for the BBN stimulus. Further improvement in the equipment is required to elicit ASRs at a lower stimulus level than 50 dB HL.
Third, the 1 kHz probe tone of 75 dB SPL (i.e., 71.5 dB HL) may trigger a stapedial reflex response in some babies. Given the small ear-canal volume of neonates, if an ASR has been elicited at this level, the ipsilateral ASRT would be affected. However, no research in this area has been reported to date. Interestingly, the research by Day and Feeney (2008) on 40 young adults showed that as the 226 Hz probe tone increased from 70 to 85 dB SPL, the mean contralateral ASRT elicited by a 1000 Hz stimulus was decreased by 2.5 dB.
Fourth, the automatic detection of ASR responses used in the present study may infrequently affect the accuracy of ASR measurements. Although the use of automatic mode provides an objective measure of ASRTs, the measurement may be affected by the relative movement between the probe and the neonate's ear, which could trigger the ASR detection algorithm to search in the wrong direction, resulting in invalid results. In the present study, the ASRT measurement was carefully monitored by the tester. If the invalid results were detected by the tester, the test would be discarded and another test would be conducted. Moreover, each of the stimuli was replicated twice in accordance with the procedure mentioned in the Materials and Method section. Alternatively, an interjudge reliability approach may be used to determine the validity and reliability of ASRT measurements. In this approach, the ASRTs are recorded and saved for examination by at least two experienced audiologists. Although this approach may provide a more accurate measure of ASRTs in a scientific and subjective manner, it is a retrospective process that requires additional resources in terms of manpower and time.
Finally, in the automatic search mode, the order of stimulus presentation was preset so that the 2 kHz tone was presented first, followed by the BBN stimulus. It is not certain at this stage if the ASRT for the BBN would be raised in view of the order effect. However, the difference between the ASRT for noise and tone being typical of that found in the literature argues for the lack of an order effect. To date, no published data have demonstrated an order effect on the ASRTs. Although randomization of the stimulus would reduce bias because of a possible order effect, the presentation of activators in pulse mode and the use of a time multiplexing circuit in the Otoflex device may reduce the influence of the carryover effect of the preceding stimulus on the ASRT measurement.
In summary, the present study has demonstrated the feasibility of obtaining ASRs in healthy neonates. The prevalence of ASR in this cohort of neonates who passed an AABR and a TEOAEs test was 91.3%. The test-retest reliability of the ASR test was high, with no significant difference in ASRTs at the group level and high levels of agreement at the individual level. In view of the exclusion criteria, the mean ASRTs reported in the present study for both stimuli were likely elevated. Although there were no significant gender and ear effects on ASRT for the 2 kHz stimulus, there was a significant gender ϫ ear interaction for the BBN stimulus. No age effect on ASRT was found in this cohort aged between 24 and 192 hr. Factors that could potentially affect the test-retest reliability of the ASR test include probe seal variability, restricted stimulus presentation level, ASR detection method, and order of stimulus presentation. Given the high test-retest reliability, the ASR test holds promise as a useful diagnostic/screening instrument in ascertaining the hearing status in neonates. Further research to investigate the ASR test performance using a large sample of neonates with and without auditory disorders is warranted.
